The two plasmids extracted from Klebsiella pneumoniae sequence type 147 (ST147) isolates were analyzed. The first isolate was obtained from a patient transferred from United Arab Emirates to South Korea. The second isolate was obtained from a Korean patient and was suspected to be transmitted from the first patient. Sequences of two plasmids were almost the same, and genetic structures, including bla NDM-5 , of these plasmids were similar to plasmids of NDM-1-producing Escherichia coli ST131 isolates found in Europe.
T hus, far, 13 variants of NDM have been identified (1) . Of these, NDM-5 has been repeatedly isolated, mainly from Escherichia coli found in European, Asian, and African countries (2-7). Recently, two NDM-5-producing Klebsiella pneumoniae isolates (CC1409-1 and CC1410-1) were identified in South Korea (8) . The first isolate was collected from a patient who was transferred from Abu Dhabi, United Arab Emirates (UAE), to Seoul, South Korea, and the second isolate was collected from a Korean patient after 4 months. Because both the isolates belonged to the same clone and shared many antimicrobial resistance genes, the second isolate was thought to have been transmitted by cross-border transfer from the patient from UAE (8) . In the present study, we determined the complete sequences of the two bla NDM-5 -bearing plasmids (pCC1409-1 and pCC1410-1) isolated from the K. pneumoniae isolates. We confirmed that the two plasmids had similar sequences, with minor differences, and were very similar to bla NDM-1 -bearing IncFII-type plasmids of E. coli isolates found in Europe.
These plasmids were conjugated using E. coli J53, a sodium azide-resistant and plasmid-free strain, as a recipient, as in the previous study (9) . The MiSeq desktop sequencer system (Illumina, Inc., San Diego, CA) was used to determine the complete sequence of the plasmids pCC1409-1 and pCC1410-1. A total of 3,768,155 and 3,825,823 sequence reads were generated, yielding an average sequencing depth of 11,845ϫ and 13,312ϫ for the plasmids pCC1409-1 and pCC1410-1, respectively. PCR combinations were used to close gaps between the contigs and to confirm the position of the contigs (see the supplemental material). Open reading frames were predicted, annotated using the Glimmer 3.0 system (http://ccb.jhu.edu/software/glimmer /index.shtml), and confirmed using DNAMAN 5.2.10 software (Lynnon BioSoft, Lynnon Corporation). Each predicted protein was compared against an all-protein database by using BLASTP (http://blast.ncbi.nlm.nih.gov/blast.cgi). Gene sequences were compared and aligned with those of genes in pGUE-NDM and pMC-NDM by using cross_match 1.080812 software and ClustalW (http://www.ebi.ac.uk/Tools/msa/clustalw2).
Whole-plasmid sequencing indicated that plasmid pCC1409-1 isolated from the K. pneumoniae CC1409-1 isolate collected from the patient transferred from UAE was 89,745 bp in size and had 114 protein coding sequences (CDS). The other plasmid, pCC1410-1, of the K. pneumoniae CC1410-1 isolate collected from the Korean patient was 95,005 bp in size and was predicted to harbor 120 CDS. Both of the plasmids belonged to the incompatibility group IncFII, with their GϩC contents being 53.04% and 52.96%, respectively.
Comparison of their genetic structures indicated that these plasmids carried almost the same genes, except that pCC1410-1 had an ISCR3 insertion sequence containing erm genes that encoded rRNA adenine N-6-methyltransferase (Fig. 1) . The strain isolated from the first patient may have been transmitted to the second patient through unknown transmitters, hospital equipment, hospital staffs, or other patients. During the transmission, a small downstream region of bla NDM-5 may have been incorporated into the second plasmid, pCC1410-1.
Comparison of databases indicated that pCC1409-1 and pCC1410-1 shared 99% sequence similarity with both pGUE-NDM (GenBank accession no. JQ364967.1) and pMC-NDM (GenBank accession no. HG003695.1) carrying NDM-1 genes, which were isolated from carbapenem-resistant E. coli ST131 isolates found in France and Poland, respectively ( Fig. 1) (10, 11) . In particular, backbone structures, including replication, partition, and conjugative transfer loci, of pCC1409-1 and pCC1410-1 showed very high nucleotide similarity with those of pGUE-NDM and pMC-NDM. All of the 24 tra and 8 trb genes, which contributed to plasmid transferability of pCC1409-1 and pCC1410-1, showed 97% and 95% sequence similarity, respectively, to those in pGUE-NDM and pMC-NDM. These transfer loci of pCC1409-1 and pCC1410-1 were more similar to those of bla CTX-M-15 -bearing pC15-1a (GenBank accession no. AY458016.1) and pHK23a (GenBank accession no. JQ432559.1) isolated from E. coli isolates found in Canada and Hong Kong, respectively (12, 13) . In addition, both pCC1409-1 and pCC1410-1 contained identical IncFII replicons repA2-repA6-repA1-repA4, a 2,166-bp fragment (GϩC content, 51.89%; dotted boxes in Fig. 1) , that showed high nucleotide similarity to IncFII replicons of pMC-NDM and pGUE-NDM. pCC1409-1 and pCC1410-1 contained 11 and 13 antimicrobial resistance genes, respectively, including a bla NDM-type -ble MBL -trpF-tat module and the ␤-lactamase gene bla TEM-1 (Fig. 1) . In addition, genes conferring resistance against macrolides [mph(A), mrx, and mphR(A)], sulfonamides (sul1), quaternary ammonium compounds (qacE⌬1), aminoglycosides (aadA4 and rmtB), and trimethoprim (dfrA17) were identified in the antimicrobial resistance region of pCC1409-1 and pCC1410-1.
The upstream and downstream structures of bla NDM-5 were almost identical to those of bla NDM-1 in pMC-NDM (Fig. 1) . NDM-5 differs from NDM-1 by two amino acid substitutions at positions 88 (Val¡Leu) and 154 (Met¡Leu) (2). The bla NDM-5 -bearing plasmids examined in the present study had the same origin as pMC-NDM. However, the proximal part of the resistance region [lqsb]from insAB to mphR(A)] in pCC1409-1 and pCC1410-1 was different from that in pGUE-NDM and pMC-NDM (Fig. 1) . The adjacent structure of bla has been identified in other NDM-5-producing E. coli isolates. Although complete sequences of plasmids of these E. coli isolates have not been determined, the proximal structure of their resistance region is suggested to be different from that of plasmids examined in the present study (3, 5) . Although bla NDM-5 -bearing pCC1409-1 and pCC1040-1 had the same origin as bla NDM-1 -bearing pMC-NDM, the proximal part of their resistance region might have originated from other plasmids.
Further, bla NDM-5 -containing region of pCC1409-1 and pCC1410-1 differed from that of a plasmid isolated from NDM-1-producing K. pneumoniae isolates found in South Korea (14) .
Both pCC1409-1 and pCC1410-1 were isolated from K. pneumoniae ST147 isolates. K. pneumoniae ST147 isolates that are resistant to diverse antibiotics have disseminated worldwide (15) (16) (17) (18) (19) ; however, ST147 isolates, to our knowledge, have not been found in K. pneumoniae from South Korea. Therefore, we suggest that pCC1409-1 and pCC1410-1 were not derived from K. pneumoniae isolates found in South Korea.
In this study, we determined the complete sequences of the two IncFII-type plasmids isolated from NDM-5-producing K. pneumoniae isolates and observed that the two plasmids had very similar sequences. To our knowledge, this is the first study to report the complete sequences of bla NDM-5 -bearing plasmids.
Nucleotide sequence accession numbers. The annotated sequences of pCC1409-1 and pCC1410-1 have been submitted to GenBank nucleotide sequence database under accession numbers KT725789 and KT725788, respectively.
